H istory f i f the Kevo Observatory.
century. On a part of the site the Duke of Queensherry's house was Richmond Lodge, which in its tu rn became the Palace of Richmond, was apparently originally the Lodge of the Palace Park, the Old Deer Park. It was situated near the present Observatory. The gardens were in front of it, the park at the back.
As regards the position of the Priory, I have learnt from Dr. Bond, of the British Museum, that all the recognised authorities agree in placing the Carthusian Monastery to the north or the north-west of the old Palace of Sheen. Crisp gives an engraving of the Monastery before its demolition, and in an engraving of a panoramic view of Richmond by Anthony van de Wyngaerde, dated 1562, a building resembling Crisp's view is shown in the site of the Priory indicated in the subjoined map.
Crisp says further : " I t was in the year 1770* that the village or hamlet of West Sheen with the ancient gateway forming the entrance to or rather part of, the priory, and eighteen honses with large pieces of'jrround attached, were pulled down, and the entire site converted into park or pasture land, as we now see it; but the antiquary to whom the records of such institutions as this ' House of Jesus of Bethlehem' are so dear, while pondering over the changes which have taken place in Richmond, and observing how little we now retain of so much which has once existed here as the work of our Norman, Plantagenet, and Tudor kings, can but cherish a feeling of the deepest regret at the total annihilation of the ancient priory buildings of H S l o n d SM g e , or House (once occupied by Cardinal Wolsey), which stood at no great distance from the present Observatory, had been granted in 1707 by Queen Anne to the Duke of Ormonde, and partly rebuilt by him, in the year 1708-9, on the site of an old building which had likewise borne the name of the Lodge for a long period of years. On the impeachment of the duke in 1715, he hastily left the country, and resided at Paris. Ormonde House was ap parently unfinished at the time. The Earl of Arran, his brother, who purchased the property, then leased for the term of about nine y years, sold the lease to the Prince of Wales, afterwards George 11, of whom, both before and after his succession to the throne, it was a favourite place of residence, and even more particularly so of his queen (Caroline) . Prom this cause a numerous circle gathered m and about the village and neighbourhood of Richmond, forming here the court of the reigning monarch.
. . , Here, in the garden appertaining to this lodge, took place the interview between Queen Caroline and Jeannie Deans, after her iourney on foot from Edinburgh to plead for the life of her sister Effie, which has been so graphically and so touchingly described by Sir Walter Scott in his " H eart of Midlothian."
There is one passage in the dialogue which has a connection with the site of the Observatory, and that is Jeannie's reply to the Queen when addressed in the following w ords:
" Stand up, young woman, and tell me what sort of a barbarous people your countryfolk are, where child murder is become so common as to require the restraint of laws like yours. _ , « If your Leddyship pleases, there are many places besides Scotland where mithers are unkind to their ain flesh and blood. Ê or as Crisp says, " I t cannot be denied th at the behaviour of Caroline had been unnatural towards her son: she seems to have hated him thoroughly and intensely-slighted his young and amiable wife-sided with his father, who upon all occasions behaved towards him with harshness and severity; and when on her deathbed the prince importuned to be allowed to see her, and sent her a most affectionate message, refused to have him admitted to her presence." And therefore " of this famous Richmond Lodge, its magnificent gardens, the statuary and the numerous and singular buildings with which the Queen of George II had at such an extraordinary outlay enriched the place, the remains of the ancient monastery of Sheen, the large and embattled Gothic entrance, and the numerous houses still appertaining to the hamlet-we have now not a vestige left." For " a few years after the accession of George III, the public, more especially of Richmond and Kew, were surprised to learn that it was His Majesty's intention to pull down the whole of the buildings and convert the estate into a large pasturage for cattle, which intention was duly carried out."
" It was at the time asserted, and in th at assertion there is no doubt much truth, that the young King so detested the memory of his grandmother, Queen Caroline, so cherished a recollection of the unnatural behaviour which she had always shown towards his late father, Frederick, Prince of Whales, that he took an earnest pleasure in destroying all that she had erected, or on which her taste and • resources had been expended."
To return to the topographical description of the property. The Brentford Horse Ferry was superseded by the erection of the first Kew Bridge in 1759.
In 1765 George I II obtained an Act (6 George II I ) for the shutting up of Love Lane, undertaking in return to maintain Kew Lane, the present high road from Richmond to Kew Bridge. This Act was apparently ineffective, for a further one was passed in 1784 (25 George The Palace at Kew was the residence of Augusta Princess of Wales, mother of George III, and the Observatory attached to it fell into disuse. Accordingly, when the Transit of Venus occurred in 1769, facilities for observing it at the old Kew Observatory did not exist. This was pointed out to King George I I I (apparently by Dr. Demainbray), and he gave orders for the erection of an Observatory in the Old Deer Park, the architect being Sir William Chambers. This was known as the " King's Observatory," and in a paper* by the late Major-General Gibbes Rigaud, it is further styled -" the K ings Observatory at Kew." Dr. Evans, however, calls it " The Royal Observatory," and speaks of it as being at Richmond. History o f the Kew .
The first Superintendent of the Observatory was Dr. Stephen Charles Tribondet Demainbray, descended from parents who had fled to London from France on the Revocation of the Edict of Nantes. This gentleman, after a varied career as a lecturer on science in various universities and institutions in these islands and in France, had settled in London as instructor in science to the King before his accession, and subsequently to Queen Charlotte. One point in his career shows the estimation in which he was held in France. I gather from General Rigaud's paper, " In France (although not of the religion of the country) he was received as an ' Associe Ordinaire ' and member of the Royal Academy; the only instance of a declared Protestant not being placed on the list termed ' la Liste Etrangere. When the new Observatory was finished, Dr. Demainbray adjusted the instruments there in time to make the Transit observation, and was its Superintendent until his death in 1782.
George II I frequently attended at the Observatory, and procured the best clocks and watches that could be made and placed them in the Observatory, so that by daily observations of the sun when passing the meridian, the time was regulated, and for many years the accurate time for the regulation of the clocks in both Houses o Parliament, at the Horse Guards, St. James's, and elsewhere, was taken from the King's Observatory, before the accommodation was so well and publicly afforded as it is at present from the Royal Observatory at Greenwich. The clock which was the principal timekeeper at the Paris, 1817, the account of an amusing episode in the astronomical studies of George II I during the later years of his life. E xtract prom S imond's " V oyage en A ngleterre." P aris, 8vo, 1817.
« Le r0{ aime l'astronomie, et a un Observatoire dans un petit pare a Richmond, appele " The King's Paddock." II y a un grand t41escope de Herschel; un instrument des passages (transit) de hmt pieds de long, a travers lequel nous observames passant le meridien; un instrument vertical de douze pieds, pour les observations au zenith: un mural de huit pieds de rayon; un telescope equatorial, et plusieurs autres instrumens moms considerables; quelques modeles de machines, entre autres, une pour determiner la pression lat6rale des voutes; une collection de mineraux, et un cabinet d'instrumens de physique.
" Sa Maieste 4tant venue a 1'Observatoire, il y a quelques annees, pour observer une occultation de planetes, un daim poursuivi de Windsor, traversa la riviere, franchit les palissades, suivi de toute la meute, et vint se laisser prendre au pied de 1'Observatoire, precisement au moment de l'observation. , " Je demandai si l 'attention de Sa Majesty s'etait montree superieure a cette interruption. On me repondit qu'un nuage, malheureusement survenu precisement au m&me instant, avait rendu ^observation impossible, et qu'autrement rien n 'aurait pu l'en distraire
The following would appear to be a correct account of the incident somewhat romantically treated in the above, as it was narrated by the late Sir James South to Dr. Balfour Stew art:-One day Sir James was at ttie Observatory with tbe King (George III) when they saw the stag hunt from Windsor approaching, and ascended to the roof to watch it. Concealed by the parapet His Majes y pointed out to Sir James the different gentlemen following the hounds, and at the royal dinner in the evening the King created considerable amusement by assigning to the guests the relative places they eac occupied in the hunt, as they were unable to imagine what position o vantage His Majesty had occupied during the proceedings.
W ith this the record of the first period of the Observatory comes to a close, and the building passed into the management of the British A-ssociation for the Advancement of Science, for the space of ir y years, till August 1871. The negotiations, which were carried out in connection with the establishment by H.M.'s Commissioners of Woods and Eorests, in the first instance with the Royal Society, and in the second with the British Association, cannot be better describe than in the following Memorandum drawn up in 1871 by Sir Charles Wheatstone, who himself, with Sir Edward Sabine and Mr. J. r . Gassiot, was among the original subscribers to the undertaking m 1842. The same three gentlemen, as Members of the Committee, continued their active superintendence of the Observatory during the whole period of its connection with the British Association.
It will be seen that throughout this memorandum it is termed the Kew Observatory in all official documents. 
HISTORICAL REMARKS BY SIR CHARLES WHEATSTONE.
In 1841 the Government came to the determination of no longer keeping np the Observatory and Museum established by His Majesty George the Third in the Old Deer Park at Richmond. In consequence of this resolution, the Curator and the Reader in Natural Philosophy, who had for many years been attached to the building, were pensioned off, and the valuable contents were distributed to the Armagh Obser vatory, the British Museum, King's College, London, the College of Surgeons, and some members of the Royal Family. The building being thus dismantled and vacant, was applied for by the Council of the Royal Society* on the recommendation of the Committee of Physics and Meteorology, as appears from the following Minutes of June 24* 1841:-" Mr. Daniell reported, on the part of the Committee of Physics, that they had passed the following resolution, viz.:-" ' The Committee, understanding th a t the building formerly occupied as the Observatory at Kew is disposable, and may be had if applied for, and having frequently experienced the want of such a building for various, scientific purposes* recommend to the Council that an application be made to secure it for the Royal Society.' . " Resolved,-That this recommendation be adopted; and th at the President be requested to make application to the proper quarter for the possession of the building in question."
An application was accordingly made, and the possession granted to the Royal Society; consequent on which the following resolution was recorded on November the 11th-of the same year:-" Resolved,-That it be' referred to the Committee of Physics to consider and report to the Council to what specific scientific purposes it would be desirable to appropriate the building formerly occupied by the Observatory at Kew* in case of a grant of that building being m ade, to the Society by the Government; and what would be the probable annual expense of applying it to such purposes." ' On January the 10th, 1842, a communication was received by the Secretary from the Office of Woods and Forests, requesting to be informed when the Society would be prepared to take possession of the building, as it had long since been cleared and ready to be delivered up when required. The following resolution was thereon recorded :-" That the Secretary inform Mr. Milne, in answer to his letter, that the Council having referred the m atter in question to the considera-* tion of a Committee, beg to defer their answer till they receive the report of that Committee, which they expect will soon be prepared."
The report called for was read on February 10, 1842, atd was as follows :-The Sub-Committee report that, from the peculiar restrictions as to access and inhabitancy, and other circumstances affecting the pro posed grant of the Kew Observatory to the Royal Society, they do not consider that any regular and systematic course of physical observa tions at present devisable could be therein advantageously made by the Society, or by any observer under their immediate appointment and direction; but that nevertheless they consider that such a build ing so held might, if occupied for safe custody by a proper person, be highly available for many useful scientific purposes, which have long been desiderata as part of the establishment at Somerset House ; such as, among others, the following :-" 1. As a depository of instruments and other property of the Royal Society, either not in use, or for which, for general or special reasons, Somerset House may not be regarded by the Council as an advan tageous place of deposit.
2. As a station for occasional observation and comparison of pendulums, either returned from abroad, or about to proceed on voyages, as also for affording foreigners wishing to compare pendulums an opportunity of so doing. " 3. As a station for trial and comparison of magnetical apparatus, and affording to observers desirous of acquiring a knowledge of the nature and use of such apparatus, an opportunity for conveniently doing so, and of obtaining a practical knowledge of the system of magnetical observation recommended by the Society, " 4. As a station in which many occasional phenomena might be advantageously observed by Fellows of the Society, or others, on permission obtained from the President and Council, such as, for example, concerted observations of shooting-stars, &c., or in which the phenomena of what has been called ' magnetic storms,' or unusual mag netic disturbances might be witnessed, and their particulars attended to by observers desirous of so doing, without interfering with obser vations regularly in progress at official stations, or with a view to other circumstances in their phenomena than what may be ordinarily observed at such stations ; it being considered that such ' storms ' are sometimes of considerable duration, and may become known to exist by direct communication from Greenwich or other regular observing station.
-" 5. As a proper place for the trial of physical apparatus and occasional physical experiments, for which no convenience exists at Somerset House; such as may either be proposed by scientific committees, or be undertaken by individuals, on permission duly obtained from the President and Council.
" 6. As a proper place for the comparison of standards of every description in which general steadiness of temperature and structure, light, retirement, and security may be especially needed. " As regards the probable cost of such an establishment to the Society, it appears to include essentially:-1st, the wages of a man who should reside in the house, and take care of i t ; 2nd, such repairs as may from time to time be required, should Government not take on itself the charge of maintenance of the structure; 3rd, the interest of money expended in fitting it for the purposes in view; and 4th, the taxes and rates which may be incident on its occupation.
" As to the first of these items, the Sub-Committee consider that an amount of 10s. Qd. per week, 27 6s. per annum, would suffice with fuel.
" The building has been represented to them as being in excellent repair, and not to have cost 5
l.annually for tenance in that state; nor are they without reason to hope that such an understanding might be had with the proper authorities as would strike out this item in future.
" On the 10th of March, however, the Council of the Royal Society rejected the gift they had previously solicited, in the following resolution:-" Resolved,-That, on full consideration of the report of the Committee of Physics, including Meteorology, presented at the last meeting of the Council, it does not appear to the Council to be expedient for the Society to occupy the Observatory at K ew ; and that the Treasurer be requested to make known this decision to the Commissioners of the Woods and Forests, expressing at the same time their thanks for the courtesy and attention paid to the suggestion of the Council on the subject."
The building having thus become again unappropriated, a number of Fellows of the Royal Society and Members of the British Associa tion, desirous that it should be retained for the purposes of science, recommended that an application should be made for it in the name of the British Association, and entered into a subscription for the purpose of promoting the objects stated in the following prospectus. The views of these gentlemen were expressed as follows:-" I t has frequently been the subject of regret that there does not exist in this country any of those facilities for the encouragement and advancement of physical science which have been so liberally afforded by the Governments of other nations.
" The Continental philosopher, when he for the first time visits our shores, finds to his great surprise that in the metropolis of this great empire there is not one collection of physical instruments which can afford the slightest idea of the present advanced state of scientific investigation. A few of our establishments for public instruction, indeed, are provided with apparatus for exhibiting the most usual results of experimental philosophy to classes of learners at public lectures, and there are two or three public exhibitions at which some of the most popular and practical results are shown, but the most valuable instruments of scientific researches, particularly those by means of which alone accurate quantitative results can be obtained, are nowhere to be found. I t is to be hoped th a t ere many years have passed a National Physical Museum worthy of the name may be established in London, but as this is an object which we cannot expect to see realized by the private co-operation of individuals, it is proposed to carry into present effect a plan of a more limited nature, which will supply some of the most obvious and urgent existing wants otherwise unprovided for, and which does not seem beyond our means of accomplishing.
" It is proposed to establish, in connexion with the British Associa tion, a Physical Observatory. The useful purposes to which it is intended to apply the Building at Kew, to be placed at the disposal of the British Association, are, among others, the following:-" 1. I t will be a repository for, and place for occasional observation and comparison of the various instruments which the recent discoveries in physical science have suggested for improving our knowledge of meteorology, &c., in order that their relative advantages and defects may be ascertained.
" A great number of very ingenious instruments have been invented on the Continent within the last twenty years, which are practically unknown in this country, but which, if properly understood, verified, and brought into use, would lead to valuable results. " At the present moment a most important and widely extended series of simultaneous observations in different parts of the world is being carried out, and to this object the British Government and Bast India Company have munificently contributed. With the exception of the magnetical instruments, none are at present employed for these observations but those which have been long kuown and verified ; this has arisen from want of proper knowledge of the means of construct ing, using, and interpreting the results of the new instruments. Did we possess this knowledge, the harvest to be gained from the system of combined observations, now in operation, might be more than doubled, with scarcely any increase of expense. " 2. A repository and station for trial of new instruments, having the same objects as the above in view, which may be proposed in this country. Among instruments which have been proposed, and which will probably not be constructed and brought into use without the assistance which an Institution like this alone can afford, may be men tioned : a universal meteorograph, which will accurately record halfhourly indications of various meteorological instruments, dispensing entirely with the attendance of an observer; an apparatus for recording the direction and intensity of the wind simultaneously at various heights above the earth's surface; an apparatus for telegraphing the indications of meteorological instruments carried up in balloons or by kites, to an observer at the earth's surface. " 3. As a station to which persons, willing to become coadjutors in the system of consentaneous observations, may bring their instruments for the purpose of comparison with the standard instruments there deposited. Attention need not be called to the increased value of observations made with instruments thus properly compared.
" 4. As the depository of a complete set of the magnetic instru ments at present in use in the various magnetic observatories, in order that any person desirous of so doing may understand their construc tion and acquire their use. The only magnetic observatory in England is at Greenwich, and the instruments, being in constant use, cannot be employed for the purposes here mentioned.
" 5. A complete series of apparatus for experiments on atmospheric electricity. Bor such investigation the locality is peculiarly adapted. Nothing of the kind at present exists in England, and yet there is no subject in meteorological science for which so much remains to be done.
" fi. One of the rooms to be fitted up as an optical chamber with a Heliostat, Braunhofer's prismatic telescope, photometers, &c., prin cipally for the purposes of optical astronomy, a subject at present totally neglected. e 2
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As complete a collection as can be gathered together of the measuring instruments employed in the various branches of physical science, for the purpose of obtaining accurate quantitative results.
" The facilities which such a collection would give to original investigation do not at present exist in this country.
" It is not at present recommended that any expenditure of the funds should be made for apparatus intended merely to exhibit the necessary consequences of established laws."
A successful application was then made by the authorities of the British Association for the possession of the building; and at the Meeting at Manchester in June, 1842, the President of the year, Lord Francis Egerton, thus alluded to this gift of the Government in his opening address:-" I have been speaking of matters for some time past in progress and notorious to all who have taken an interest in your proceedings. They are gratifying as proofs that the impulse of this Society has been communicated and felt in high quarters. It is surely desirable that under any form of Government, the collective science of a country should be on the most amicable footing with the depositories of its pow er; free indeed from undue control and interference, not dangling in antechambers, nor wiping the dust from the palace stair cases, uncontaminated by the passions and influences with which statesmen have to deal, but enjoying its good will and favour, receiving and requiting with usury its assistance on fitting occasions, and organized in such a manner as to afford reference and advice on topics with respect to which they may be required. * * * The most recent instance I cannot omit-I mean the important accession to the means of this Society of a fixed position, a place for deposit, regulation, and comparison of instruments, and for many more purposes than I could name, perhaps even more than are yet contem plated, in the Observatory at Kew. This building was standing useless. The Council of the Association approached the throne with a petition that they might occupy it, and I am happy to say that the sceptre was gracefully held towards them ; and I think this transaction a fair instance of that species of connexion between science and govern ment which I hope may always be cultivated in this country. I am informed that the purposes to which this building is readily and immediately applicable, are of an importance which none but men advanced in science can appreciate. You will hear further of them in the Committee Recommendations." C. W. I t is evident that the action of the Council in taking charge of the Observatory was criticised at an early date, for from the Report-of the Meeting at Southampton, 1846, we learn th at the expediency of discontinuing Kew had been referred to the Council at the previous Meeting, as will be seen by the following extract of a Report from . the Council presented to the general Committee, September 9, 1846.
The General Committee at Cambridge having passed a resolution-" That it be referred to the Council to take into consideration before the next Meeting of the Association the expediency of discontinuing the Kew Observatory,"
the Council appointed a Committee, consisting of the President (Sir John Herschel), the Dean of Ely, the Astronomer Royal, Professors Graham and Wheatstone, and Lieut.-Colonel Sabine, to collect infor mation on the scientific purposes which the Kew Observatory has served, and on its general usefulness to science and to the Association, from whom they received the following R eport:-" Kew Observatory, May 7, 1846. Present, Sir J. F. W. Herschel, Bart., the Astronomer Royal, Professors Graham and Wheatstone, and Lieut.-Col. Sabine. « After an attentive examination of the present state of the estab lishment and of other matters connected therewith, the following resolutions were unanimously adopted, viz.: " That it be recommended to the General Committee that the estab lishment at Kew, the occupancy of which has been granted by Her Majesty to the British Association, be maintained in its present state of efficiency. . . . " l. Because it affords, at a very inconsiderable expense, a local habitation to the Association, and a convenient depository for its books, manuscripts, and apparatus. « 2 Because it has afforded to Members of the Association the means of prosecuting many physical inquiries which otherwise would not have been entered upon.
. , . , . " 3. Because the establishment has already become a point of interest to scientific foreigners, several of whom have visited it. " 4. Because the grant of the occupancy of the building by Her Majesty, at the earnest request of the B ritish Association, is an instance of H er Majesty's interest in and approval of the objects of the Association.
. , ,, " 5. Because if t h e Association at the present tim e relinquish the establishment it will probably never again be available for the purposes of science. ■ ^ . " 6. Because it appears, both from the publications of the British Association and from the records in progress at the establishment, that a great amount of electrical and meteorological observation has been and continues to be made, and that a systematic inquiry into the intricate subject of atmospheric electricity has been carried out by Mr. Ronalds, which has been productive of very material improvements in that subject, and has in effect furnished the model of the processes conducted at the Royal Observatory; and because these inquiries are still in progress under local circumstances extremely favourable.
" 7. Because other inquiries into the working of self-registering apparatus, both meteorological and magnetical, are in actual progress at the establishment, and there is a distinct prospect of the facilities it affords being speedily much more largely profited by.
" 8. Because the access to the Observatory from London to Members of the Association will shortly be greatly improved by railroads, and because the local facilities and conveniences of the establishment have been very greatly enhanced by alterations in its relations to the Commissioners of Woods and Forests. . Signed.
" J. F. W. Herschel, Chairman.
In presenting this Report to the General Committee the Council requests that it may be understood to convey also the opinion of the Council. A t this early period much of Mr. Ronalds' attention was directed to the subject of atmospheric electricity, and in this investigation he was assisted by Mr. W. Radeliff Birt. At the same time the Hon. Superintendent was far from neglectful of other branches of physical research, and he devoted much of his rare mechanical energy to the invention and perfecting of the photographic processes for the registra tion of meteorology and terrestrial magnetism, with which the name of the Kew Observatory has been permanently associated.
In the course of the year 1850 magnetic observations were com menced with instrum ents provided by Lieut.-Colonel Sabine, and Mr. John Welsh was appointed by the Committee as Assistant, Mr. B irt having left the Observatory; and in the following year we notice the first commencement of the Verification Department, which has subsequently become such an im portant feature of the Kew opera tions-the purchase of a standard thermometer by Regnault, with the intention of employing the latter instrum ent in the verification of thermometers made by artists in this country-and the procuring of M. Regnault's apparatus for calibrating and graduating thermometer tubes.
In 1852 the verification work had fairly started, as well as the making of standard thermometers. Mr. Welsh also had made two ascents in a balloon, for the determination of the temperature and hygrometric condition of the air at different elevations, before the date of the British Association Meeting.
In the course of this year Mr. Ronalds left the Observatory to reside on the Continent, and accordingly from this date Mr. Welsh is to be regarded as Superintendent of the Observatory, the first or preliminary stage of the Observatory having come to an end.
In 1853, as already stated, appeared the first Kew Report, signed by Mr. Gassiot as Chairman of the Kew Committee, and in the next year, 1854, we learn th at the best form of barometers and thermo meters for the use of the Mercantile Marine had been decided on by the Kew Committee at the request of the Board of Trade, and th at Mr. W elsh had experimentally tested the marine barometers in a voyage to Leith and back, and in one to and from the Channel Islands.
Also th at Sir J. Herschel had suggested the importance of obtaining daily photographic pictures of the sun's disk, and that Mr. W arren de la Rue having reported th at the probable cost would not exceed 150Z., this sum had been procured from the Donation Fund of the Royal Society.
In the same year Robert Beckley was engaged as machinist, on the recommendation of Mr. de Ja Rue. Two acres, of ground were also secured, co n tigu ou s to the Observatory. Welsh's standard barometer dates from 1855, and the introduction of gas to the Observatory from the next year. In the same year Mr. Balfour Stewart was engaged as Assistant, but he only remained for a brief period in that capacity, for in 1857 he was succeeded by Mr. Charles Chambers.
In 1856 Mr. Beckley's modification of Robinson's anemometer was submitted to the Committee, and also a series of monthly determinations of dip and horizontal force was commenced with instruments provided by General Sabine from his Department at Woolwich.
The next important event to be chronicled is that the following Memorandum relative to the re-establishment of self-recording magnetic instruments at the Kew Observatory was submitted to the Committee by General Sabine on July 22, 1856. « 1, The decennial period in the solar magnetic variations, and its coincidence with a similar period in the frequency and amount of the solar spots, appear to be highly deserving of attention in an Observatory established, as Kew is, for physical researches.
" 2. There is reason to suppose that the permanency and regularity in the occurrence of the decennial period in the magnetic variations, and its coincidence with the periodic variation of the solar spots, might be effectually and satisfactorily tested by observations of both classes of phenomena at the alternate periods of maximum and minimum, say, for example, in 1857 and 1858 as the anticipated period of maximum, and in 1863 and 1864 as the anticipated period of minimum, and so forth. " 3. The apparatus constructing under the superintendence of Mr. de la Rue will, it is hoped, fully meet the requirements of the research in respect of the solar spots. " 4. Since the time when the magnetic self-recording instruments belonging to the Kew Observatory were constructed under the direc tion of Mr. Ronalds, very considerable improvements have been made in the art of photography, and the six months' trial which was made by Mr. Welsh of Mr. Ronalds's instruments has led in several other respects to suggestions for improvements which could not but be expected to be required in instruments of so novel a kind, while at the same time the six months' trial referred to has placed beyond doubt the sufficiency of a properly conducted research by means of self-recording instruments, for the examination of the solar magnetic variations."
The Committee authorized Mr. Welsh to proceed with the construc tion of the instruments, which were completed at an expense not exceeding 250Z., derived from the Government Grant Fund, the instruments remaining at Kew at the disposition of the Council of the Royal Society.
In the same year the Kew Heliograph was completed, and it was arranged that Mr. Welsh should undertake the Magnetic Survey of Scotland, the results of which operation were published by Mr. Stewart in the Report of the British Association for 1859. In 1858 also Mr. Gr. M. Whipple was engaged as a boy.
In 1859 Mr. Welsh died, and was succeeded by Mr. Balfour Stewart. A t this date an instrument had been devised at the Observatory for tabulating the values of the magnetic elements from the magneto grams, and as the staff of assistants at the Observatory was not sufficiently large to undertake these tabulations, General Sabine undertook to have the results tabulated at Woolwich for every hour.
In 1860 the Kew Photoheliograph was taken by Mr. de la Rue, mainly at his own expense, to Spain, for employment at the Solar Eclipse on July 18th. Its use was a complete success, and proved that the red prominences belonged to the sun.
In 1861 Sir W. Thomson's Electrograph was brought into regular operation at Kew, and an account of two years' work with it was prepared and submitted to the Royal Society by Professor J. D.
Everett in 1868.
Hi 1862, at the suggestion of Admiral Eitz Roy, who agreed on the part of the Meteorological Department of the Board of Trade to bear the expense incurred, the Barograph designed by Mr. Ronalds was fitted up, and has been from th at date kept in constant operation.
I t was also reported th at as on account of the inadequate strength of the staff of assistants it was not possible to work the Photo-Helio graph at Kew, it had been in operation at Mr. de la Rue's observatory, at Cranford, since February 7th. The instrum ent remained in Mr. de la Rue's hands for twelve months, when it was re-erected at Kew.
Mr. Stewart communicated to the Royal Society an account of some experiments made at Kew in order to determine the increase between 32 Fahr. and 212 Fahr. of the elasticity of dry atmospheric air the volume of which remains constant; and also of others to determine the freezing-point of mercury.
In the next year Mr. Chambers left the Observatory to enter the India Telegraph Service, and eventually to take charge of the Colaba Observatory, Bombay; his place, as Magnetic Assistant, being filled by Mr. Whipple.
In 1865 we hear that the Indian Government having decided that pendulum observations should be made in India, Col. '"Walker and Capt. Basevi received instruction at Kew. A convenient room for pendulum observations was likewise fitted up in the Observatory, the expense being defrayed from the Government-Grant Fund of the Royal Society; and in this room preliminary observations were made for determining the constants of the two pendulums about to be used in India. The observations were made by Mr. Loewy, and the results communicated to the Royal Society. # In the same year it is reported that-(1) the solar spectrum was being mapped by the spectroscope belonging to the Chairman (Mr. Gassiot), and at his expense. All the measurements between D and E had been made and completely verified, and a map of this region in accordance with these constructed; the investigation was continued until 1866, at which time about three-fourths of the region between E and E had been mapped. And (2) that Hofrath Schwabe, of Dessau, had very generously placed his valuable and extensive series of sun-pictures at the disposal of the Royal Astronomical Society for the immediate use of the Kew Observatory. The enumeration of spots on the principle followed by H err Schwabe was then commenced and has been continued up -to the present time. ^ _ , . , 1865 also witnessed the commencement of an investigation, which was continued at intervals for several years, but which cannot be said to have led to definite results as yet. I t is thus introduced:
" At the joint suggestion of Professor Tait, of Edinburgh, and the Superintendent, an ingenious apparatus has been constructed by Mr. Beckley, by means of which a disk can be made to revolve m vacuo with great velocity; and a short description of some experiments performed* by means of this instrument, with a view of ascertaining whether visible as well as molecular motion is dissipated by a medium pervading space, has been communicated to the Royal Society by e Superintendent in conjunction with Professor Tait.
In 1866 the completion of the Kew Photographic thermograph by Mr. Beckley is announced, and in the same year the General Com mittee of the British Association adopted the following resolution " That the Kew Committee be authorized to discuss and make the necessary arrangements with the Board of Trade, should any proposal be made respecting the superintendence, reduction, and publication of meteorological observations, in accordance with the recommendations of the Report of the Committee appointed to consider certain questions relating to the Meteoro logical Department of the Board of Trade.'
This resolution initiated the close relationship between the Kew Observatory and the Meteorological Office, of which the reorganiza tion was then in contemplation: a relationship which has materially modified the course of operations at Kew Observatory in subsequent years.
. In 1866 the first set of results obtained from the heliograph were published at the expense of Mr. de la Rue under the following title, " Researches on Solar Physics," by Messrs. W arren de la Rue, B. Stewart, and B. Loewy; first series, " On the Nature of Sun-spots.
This was successively followed in 1867 by the Second Series, entitled Researches on Solar Physics, Second Series, Area-measurements of sun-spots observed by Mr. Carrington during the seven years 1854-60 inclusive, and deductions therefrom," and in 1868 by Appendix to the second series, " On the Distribution in Heliographic Latitudes of the Sun-spots observed by Carrington." These papers all appeared at Mr. de la Rue's expense, and all bore the names of the same authors.
Two papers were likewise communicated in 1868 to the Royal Society by these gentlemen. The first is entitled " Researches on Solar Physics, Heliographic Positions, and Areas of Sun-spots observed with the Kew Photoheliograph during the years 1862 and 1863." The second, " Account of some recent observations on Sun-spots made at the Kew Observatory."
1867. In the Report of the Kew Committee for this year we have a short account of what steps had been taken by Government with reference to Meteorology, ending with the names of the superintending Meteorological Committee, and stating that on the 3rd of January this Committee had appointed Mr. Balfour Stewart as its Secretary, on the understanding that he should, with the concurrence of the Kew Com mittee of the British Association, retain his present office of Superin* tendent of the Kew Observatory.
I t was also proposed that Kew Observatory should become the Central Observatory, at which all instruments used by or prepared for the several observatories or stations connected with the Meteorological Department should be verified, the entire expense attendant thereon, or any future expense arising through the connexion of the Observa tory with the Meteorological Department, being paid from the funds supplied by the latter, and not in any way from money subscribed by the British Association. These proposals having been submitted to the Kew Committee, they approved of the Kew Observatory being regarded as the Central Observatory of the Meteorological Office, and of Mr. Stewart's holding the office of Secretary to the Scientific Committee superintending that office.
In the same year we are informed that the magnetic curves produced at Kew previously to the month of January, 1865, had all been measured and reduced under the direction of General Sabine, by the staff of his office at Woolwich; and the results of this reduction com municated by General Sabiue to the Royal Society in a series of memoirs.
In the course of this and the succeeding year the assistants at the six outlying automatic observatories, in connection with the Meteoro logical Office, Aberdeen, Armagh, Falmouth, Glasgow, Stonyhurst, and Valencia, received their training at Kew, while Mr. Stewart, with the assistance of Mr. Beckley, personally superintended the erection of the in stru m e n ts a t the several stations. The Report for 1868 contains an account of the work done at Kew as the Central Observa tory of the Meteorological Committee, in which it is stated that this work may be divided into four heads (1) The arrangement of the self-recording meteorological instru ments, their verification at Kew, and erection at the various stations. (2) The arrangement of a system of tabulation from the automatic records of these instruments. (3 ) The a rran gem en t of a system by means o f which the accuracy of the instruments themselves, and of their tabulated records, may be secured. (4) Work done at Kew as being itself one of the Observatories of the Meteorological Committee. In 1869 we learn inter alia that Mr. Beckley had devised his selfrecording rain gauge, an account of which was submitted to the British Association at Exeter. At the close of the year, in October, Dr. Stewart resigned the Secretaryship of the Meteorological Com mittee, and the relations between the Kew Committee and the Meteorological Office were consequently modified.
• KEW OBSERVATORY UNDER THE ROYAL SOCIETY.
The letter from the Secretary of the British Association, communicating the Resolution of the Council of that body, which has been given above, was taken into consideration by the Council of the Royal Society on the 19th of January, 1871. At the Meeting of the Council on the 16th of March of the same year, a letter was read from Mr. J. P. Gassiot, E.R.S., offering to the Royal Society an immediate gift of securities, the proceeds of which were to be devoted to the maintenance of a Central Magnetical and Physical Observatory at Kew. The negotiations for the acceptance of this munificent offer were carried to a successful issue during the ensuing months, and on the 15th of June the following memorandum was entered on the Council Minutes of the Royal Society:-
Memorandum of the general heads of the proposed Deed of Trust of the Fund offered by Mr. Gassiot for maintaining the Kew ' and carrying on the magnetic, meteorological, and physical observa tions there:-*
" Securities representing 10,000Z. are proposed to be given to the Royal Society by J. P. Gassiot, Esq., E.R.S., upon trust, for the purpose of assisting in carrying on and continuing magnetical and meteorological observations with self-recording instruments, and any other physical investigations as may from time to time be found practi cable and desirable, in the Kew Observatory, in the Old Deer Park, at Richmond, Surrey, belonging to Her Majesty's Government ;;or' in the event of that Government at any time declining to continue placing that building at the disposition of the Royal Society, then in any other suitable building as the Council of the Royal Society may determine.
" The Observatory and the income of the Trust Fund are to be under the entire control and management of a Committee to be from time to time appointed by the Council, for the time being, of the Royal Society.
" The services of such Committee, (like those of the present Meteor ological Committee nominated at the request of Her Majesty's Government) are to be gratuitous.
The income is to be paid to the Committee (to be by them applied generally towards continuing and maintaining the Observatory and providing the expenses of conducting the observations and investiga tions), also for any repairs to the Observatory building and premises, or for repair or improvement of the present instruments, or for providing new instruments, as the Committee may from time to time deem expedient, and generally for carrying out the objects of the Trust as may be from time to time determined by the Committee.
"An annual statement of receipts and expenditure is to be prepared by the Committee with any report that the Committee may from time to time deem to be desirable, and the same are to be presented to the Royal Society, and the report is to be published in the Proceedings of the Royal Society, or in such other form as the Council may from time to time direct.
" If, by reason of the Kew Observatory, or any other such equivalent Observatory being at any time discontinued, the observations should cease to be recorded, and the investigations cease to be made for (say) twelve consecutive months, the Trust Funds, with all accumulations (if any), are to be paid over to the person who shall, for the time being, be, de facto,the Treasurer of the London Middle-Class Scho incorporated by Royal Charter, dated 12th of June, 1866, by the name of " the Corporation for Middle-Class Education in the Metro polis and suburbs thereof," to the intent that the same-may be applied for the use and benefit of that Corporation as it may think fit and as a part of its general funds, and the receipt of such officer is to be a sufficient discharge to the persons paying over the same.
" Power to the Royal Society to enlarge such period-of twelve months for a further period of not exceeding (say) two years, in order to give time for obtaining a site and constructing a new Observatory, with power to apply the current income, and any accumulations thereof, in aid of those purposes.
''Also, give power to the Royal Society to direct some other charitable disposition of the Trust Fund, in case, at the time of the failure of the Trust as to the Observatory, the London Middle-Class School shall have ceased to exist as a corporation.'
The Deed of Trust was duly prepared and submitted, and was sealed with the corporate seal of the Society on the 29th of June, 1871.
The Kew Committee of the Royal Society was at once appointed, and consisted of the then existing Members of the Meteorological Committee of the Royal Society.
The Observatory was handed over to the Society by the British Association at its Edinburgh Meeting.
Mr. Samuel Jeffery, formerly in charge of the Magnetic Observatory at Hobarton, was then appointed Superintendent, while Mr. R. H. Scott undertook the duties of Honorary Secretary to the Committee, which he continued to discharge for six years until 1877, by which time the future success of the undertaking was fully secured.
Mr. Jeffery held the office of Superintendent until February, 1876, when he was succeeded by Mr. G. M. Whipple, B.Sc., who, as appears from the preceding pages, had been connected with the Observatory for eighteen years.
During the period of the connection of the Observatory with the British Association the expenses incurred in carrying out the various experiments and researches as detailed in the foregoing pages were considerable. These were met by grants from the Government Grant Fund or the Donation Fund of the Royal Society, or from private sources.
During the last fourteen years, however, since the establishment has been under the management of the Royal Society Committee, the necessity for greater economy has been recognised, and the operations have been carried on without assistance from the Funds above men tioned. The administration has, at the same time, been so satisfac torily Conducted, and the receipts for the verification of instruments have so largely increased, that the Committee have be&n enabled, out of the surplus balances at their disposal annually, to provide important and costly additions to the instrumental equipment of the Observatory, such as the complete refitment of the magneto graphs, and the purchase successively of a Galton's Thermometer testing apparatus-of a hydraulic press for deep sea thermometers -of a new cathetometer-and lastly of the entire apparatus for watch-rating.
The only extraneous source of income for the Observatory, over and above occasional small grants from the Meteorological Council for special researches, has been the money so liberally supplied by Mr. de la Rue for the completion of the measurement of the sun-pictures.
The Committee has, however, to regret the gradual disappearance of many familiar faces from the band of men who took prominent parts in the management of the Observatory in former years.
Of Superintendents, the death of Mr. Welsh has already been noticed, and his predecessor, Mr. Ronalds, after receiving the wellmerited honour of knighthood for his inventions in Telegraphy, died in 1873 at the age of eighty-five years.
Of the members of the British Association Committee, Col. W. H. Sykes, almost its first Chairman, died in 1870; Sir C. Wheatstone, whose name appears in the very first resolution of the British Associa tion relating to Kew, deceased in 1871; Mr. Gassiot, for eighteen, years the chairman of the British Association Kew Committee, and the munificent patron of the Observatory in recent years, died in 1876; while Sir E. Sabine, who had been from first to last identified with the magnetic operations at the Observatory, and might almost be termed the guiding spirit of the undertaking, passed away in 1883, having almost attained the patriarchal age of ninety-five years.
The following are the most important facts which can be gathered from the successive Reports of the Royal Society Committee:-1 8 7 2 . The Photoheliograph was regularly worked, as in former years, up to the end of February, 1872, at which epoch the period expired which was originally fixed by Mr. de la Rue for the continuance of the observations at the expense of the Royal Society Government. Grant Fund. The observations were afterwards carried on up to the end of March, with the object of fully including ten years. Since that date eye observations of the sun, after the method of Hofrath Schwabe, have been made in order that the observations for connecting sun-spots with magnetic phenomena might not drop through until photographic records had been taken up on a permanent footing. In order to furnish the final corrections to the reductions of the sun-pictures, a scale of equal parts, 15 feet in length, designed by Mr. de la Rue, and mad.e at his expense, was, with the sanction of Her Majesty's Office of Works, erected temporarily on the Pagoda at the Royal Gardens, Kew*. This was photographed by the Kew Photo-* heliograph, and so enabled the optical distortion of that instrument to be determined. Observations were continued for several months, when the apparatus was taken down, and the Photoheliograph lent for two years to the Astronomer Royal for use at Greenwich, 1
A series of experiments were commenced and carried on for a space of nearly two years at the expense of the Meteorological Com mittee, at the Pagoda in the Royal Gardens, to test the influence of height above the ground on the vertical distribution of temperature. The thermometers were placed at three different levels, viz., 22 feet 6 inches, 69 feet, and 128 feet 10 inches above the ground.
In the month of May a request was received from Col. J. T. Walker, F.R.S., S u p erin ten d en t of the Great Trigonometrical Survey of India, for provision to be made at the Observatory for vibrating pendulums.
In the year 1865 two pendulums lent by the Royal Society for use in India had been vibrated at Kew by the late Capt. Basevi, as explained above ; and it was necessary that these pendulums should be vibrated again on their return, and that at the same time two pendulums obtained from the Imperial Academy of Sciences at St. Petersburg should also be vibrated.
The Committee at once complied with the request; and at the expense of the Indian Government preparation was made for the experiments in the south hall on the basement story, by removing for a time the apparatus for testing sextants, and building up from the foundation-arches two solid isolated supports for the Russian clock and pendulum. * -_ . Capt. Heaviside, R.E., the officer charged with the duty of making the pendulum experiments, arrived in England in July, and, finding all the arrangements satisfactory, at once commenced his operations.
Endeavours were made, in connection with the arrangements just mentioned, to obtain an electrical time communication between Kew VO Li. XXXIX. 1 and the Royal Observatory at Greenwich; hut the proposal failed of success. The experiments were continued until the end of May, 1874, when the apparatus employed, with the exception of the Russian pendulums and their accessories, was, at the request of the Secretary of the Royal Society, received at Kew for storage.
1 8 7 4 . The Magnetograph instruments were dismounted in January, 1874, for the purpose of thorough examination and readjustment. The necessity for this measure is obvious, when it is remembered that the instruments had been in unintermitted action for the period of fifteen years.
The scale-values were accordingly redetermined, and the instruments handed over to Mr. Adie for examination and repair. They were returned and remounted in May, but were not at th at time set in continuous action, inasmuch as it was intended th at the automatic records should be suspended for the entire year, so as to commence a new series of observations w ith the year 1875.
In this year an improved automatic Electrograph, invented by Sir W. Thomson, was erected and set in operation.
In the year 1873 a grant had been obtained from the GovernmentGrant Committee for the purpose of carrying on a series of experiments on the constants of Robinson's Anemometers; and a piece of ground in the P ark was rented. Several anemometers, of various construc tions, were erected therein.
The experience of a few months was sufficient to show th at the ex posure in the P ark was not nearly sufficiently open to afford facilities for testing the instrum ents at any but very low velocities, and not satisfactorily even in such cases. Application was therefore made to the Secretary of the Crystal Palace Company for permission to employ a rotary machine driven by steam-power, so as to be able to vary the velocities at pleasure.
Consent having been most freely given, the experiments were com menced, and the instruments tested at various velocities up to about th irty miles an hour, the highest attainable by the apparatus.
A paper on the results of these experiments was laid before the Royal Society by Prof. Stokes in 1881 (Proceedings Royal Society, Vol. X X X II, p. 170).
1 8 7 5 . The year was marked by the recommencement of regular work with the Magnetographs. The instruments were set in action on the 1st of January, 1875, and therewith the second series of continuous photographic records of magnetic phenomena was inaugurated.
The principal constants employed in the computations for the Tables used in the reduction of the monthly absolute observations which had been determined by Mr. Welsh were also re-examined. A memorandum containing the results of the observations in question for the twelve months ending September 30th, 1875, was prepared and appended to the Report for the year, and has formed a feature of every subsequent The Registering Sunshine Recorder invented by the late Mr. J. E. Campbell, of Islay, F.G.S., which had been in operation for about twenty years at the Office of the Local Government Board, 8, Richmond Terrace, Whitehall, was transferred to Kew, and set in action at the Observatory. The instrument consists of a glass sphere and wooden bowl, and the effect is measured by the amount of wood charred by the sun's action in the course of six months. Experiments were set in progress at the Observatory to obtain a satisfactory daily record of the duration of the sun's heating action by a similar method. In the previous year Mr. C. S. Peirce, of the United States Coast Survey, had made through the Admiralty an application to the Royal Society to swing his pendulums at the Observatory. P e ™ 881™ was at once granted, and Mr. Peirce arrived at Kew in June, 1876, and as soon as some necessary fittings had been put up m the Pendulum Room he erected his apparatus, and made a complete series of vibrations.
In 1876, at the request of the Editor of the Times, and at the expense of that journal, the Staff commenced the preparation of a weekly diagram showing the traces of the self-recording meteorologica instruments on a reduced scale, together with an epitome of the general features of the weather. This has appeared without intermission from
The examination and checking of the work of the self-recording Observatories of the Meteorological Committee was discontinued in November This change of arrangements involved a considerable reduction in the amount allowed by the Meteorological Office to Kew, as its central Observatory.
. Sir Edward Sabine having brought the discussion of the Magnetical Observations carried on under his superintendence in all parts of the globe for a period of nearly forty years to a close m a final " Contribution," presented to the Royal Society (No. XV, Phil. Trans., Vol. 167) , represented to the W ar Office that he was able to dispense with the further services of the two Sergeants of the Royal Artillery who had acted as his clerks, and had been in constant attend ance at Kew since November, 1871. These men were in consequence withdrawn on the 31st of March.
The documents deposited in Sir E. Sabine's late office were pre sented by the W ar Office to the Royal Society, and, in con Orroity with instructions received from the Council, are retained in the custo y of the Observatory. A detailed list of these documents and papers has been prepared, and a selection made of all those relating to marine observations, which, at the request of the Hydrographer, were trans ferred to the Hydrographic Department of the Admiralty.
.
A system was organized for etching a " Hall-mark," as in the opp annexed figure, upon all Thermometers which have been dQfc verified.
The Astronomer Royal having courteously offered the Committee every facility for a suggested comparison between the Greenwich and Kew Standard Barometers during April and May, a number of care fully selected Portable Standard Barometers were conveyed to and fro between Greenwich and Kew on three separate occasions, and a large number of comparative readings were obtained by the Superintendent and Messrs. Baker and Poster.
A complete detailed account of the experiment was drawn up, and laid before the Royal Society, February 7th, 1878. (Proceeding's Vol. XXVII, p. 76.) A Hydraulic Press especially constructed for the purpose of sub jecting Deep Sea Thermometers to pressures similar to those they experience when sunk to great depths, was erected in the workshop. I t is capable of exerting a strain equal to 4 tons on the square inch.
1 8 7 9 . Experiments were commenced at the Observatory, with the view of determining the relative merits of different patterns of thermometer screens, and continued for upwards of two years. For this purpose there were erected on the lawn a Stevenson's screen, of the ordinary pattern, and a large wooden cage, enclosing a W ild's screen, of the pattern employed in Russia. Each of these screens contained a dry and a wet bulb thermometer, and a maximum and minimum, all of which were read daily, at 9 a.m. and 9 P.M., their indications being compared with those of the thermograph at the same hours.
A discussion of the twenty-eight months' observations was sub sequently made by Mr. Whipple, and the results published by the Meteorological Council. 1 8 8 0 . A Sub-Committee, which had been appointed in 1878 to consider the best means of utilising the records of the magnetographs, reported that it was inadvisable, in their opinion, to proceed with the regular tabulation of the curves, and suggested that attention should rather be directed to their comparison with synchronous curves, taken at other Magnetic Observatories in different parts of the globe, in order to ascertain whether similar disturbances occur at these several stations, and at what time intervals ; with a view to the development of the theory of magnetic disturbance.
In order to carry out this scheme, a circular, inviting co-operation on the part of observers provided with magnetographs of the Kew pattern, was issued to the Directors of the following Observatories:_ Batavia, Bombay, Brussels, Coimbra, Colaba, Lisbon, Mauritius, Melbourne, Potsdam, St. Petersburg (Pawlowsk), S an. Fernando, Stony hurst, Utrecht, Vienna, and Zi-Ka-Wei. Replies favourable to the project were received from all those whose instruments were work ing under satisfactory circumstances.
An examination of the records for the year 1879 indicated the month of March as that most suitable for the purpose of the com parison. Accordingly, a further request for copies of the Declination curves for that month was issued, and, in response, they were received from Coimbra, Colaba, Lisbon, Mauritius, Melbourne, St. Petersburg, Stonyhurst, Toronto, Utrecht, Vienna, and Zi-Ka-Wei.
The comparison of these magnetic curves was undertaken by P ro fessor W. Grylls Adams, who communicated to the Swansea Meeting of the British Association a preliminary account of the principal facts which came to light. This was followed by a second paper printed in the Report of the York Meeting, 1881.
At the request of the Council of the Royal Astronomical Society, the valuable collection of MSS. containing the memorable series of sun-spot observations made by Hofrath Schwabe, of Dessau, during the years 1825 to 1867, which had been deposited in the Library of the Obser vatory, the first volumes since 1865, was transferred to the Society s Library at Burlington House, London. In order, however, to render the collection of sun-spot observations as complete as possible, and to prevent the total loss of the observations in case of fire, the Committee voted the sum of 90Z. to defray the cost of making a complete copy of the solar drawings.
This was accordingly done, and accurate tracings made of every one ' of Schwabe's drawings. These were pasted into blank books, and any important notes were transcribed at the same time. The Observatory, therefore, now possesses a complete record of the condition of the sun's surface, extending from November, 1825, to the present date.-Î n 1 8 8 1 , an application was received from Major Herschel, R.E., F.R.S., by authority of the India Office, for permission to make certain experiments with the invariable pendulums deposited at Kew, and for the loan of the instruments, with their accompanying appliances, with facilities for prosecuting the experiments at the Observatory.
These requests were granted, and in the autumn of the year operations were carried on, both in the Pendulum Room and in the Experimental House at Kew.
On completing his work Major Herschel conveyed the instruments he employed, first to the Royal Observatory, Greenwich, and sub sequently to a house near Portland Place, London. Series of observa tions were made in both those places, with the object of reducing to a common standard the determinations of gravity made by Kater, Airy, Sabine, and others.
On the conclusion of these latter experiments, Major Herschel con veyed the pendulums, clock, &c., to America, where, after making a In April of this year the Chairman announced the comple tion of the long series of reductions of the Kew Photoheliograph measurements, extending over the period February 7th, 1862, to April 9th, 1872. He stated that the MSS. volumes containing the results had been deposited for reference with the Royal Society, and that the whole of the sun-pictures had been re-measured at the Observatory, and reduced by Mr. A. Marth, F.R.A.S., so as to give the heliocentric longitudes and latitudes of the spots, as well as their areas.
The entire expense attendant on these redactions, which has amounted to the considerable sum of 1,452Z. 6s. 7 was defrayed by Mr. de la Rue. This amount was in addition to the sums that gentle man had previously disbursed in contributing to the maintenance of the Photoheliograph, and the prosecution of solar research. The total amount of his payments towards this branch of the Observatory work has reached the large sum of 2,071Z. 15s. 4cZ.
In the same year the Committee received very gratifying testimony as to the accuracy of the Standard Thermometers constructed at the Obser vatory. In a paper contributed to the " American Journal of Science," Dr. Leonard Waldo, of the Winchester Observatory, Yale College, U.S.A., remarks that after a critical examination of three Kew Standard Thermometers, in which every degree was separately measured, entail ing no less than 2,300 micrometer readings, he came to the conclusion that their errors are practically insensible, and too small to be detected with certainty.
Professors Thorpe and Rucker also tested very minutely three similar instruments made for them at Kew. In a paper read at York before the British Association, Professor Rucker stated, " In no case would the calibration error in the determination of a difference of tempera ture have amounted to 0'02° C. It may therefore be concluded that Welsh s method, as applied at Kew to selected tubes, and with a measuring instrument of great accuracy, is capable of giving first-rate results. The errors which remain when it has been applied are so small that they may be neglected in all cases but those where the thermometers are to be used under the most favourable conditions, f .e., with the stem of the same temperature as the bulb, &c. This satisfactory conclusion is confirmed by the fact that Professor Rowland has recently stated that the calibration of the Kew thermometer used by him in his research on the mechanical equivalent of heat was practically perfect." (British Association Report, 1881, p. 541.) 1 8 8 3 . In this year the Committee decided to make a trial of a system of watch-rating for the public, and granted 100?. for the preliminary expenses. In accordance with a scheme prepared by the Superintendent, they fitted up in the Observatory a first-class burg arand fire-proof safe for the safe custody of the watches. In the next year's Report we learn that the arrangements for rating watches mentioned in last year's Report had been completed and brought into operation successfully, at a cost of 193?. n . . . 1 8 8 4 . A second safe having been purchased by the Committee, an apparatus was fitted to it which enables the enclosed watches to be maintained continuously at either high or low temperatures whichever may be required, and furthermore without being subjected to injury by fumes of gas in the former case.
. The following may be considered as a summarised statement of the scientific work done at the Kew Observatory since its foundation as a Physical Observatory:-1. Improvements in the construction and manufacture of instru ments for meteorological observations, the production of new ones, and the modification of older forms. 2. The same-w ith regard to magnetic and electrical instruments. 3. The distribution of such instrum ents over the globe. 4. The ensuring of accuracy of observations by means of the verification and distribution of standard instruments and the instruction of observers. 5. The continuous recording of magnetieal and meteorological phenomena. 6. The practical adaptation of photography to scientific purposes, and especially to the continuous registration of phenomena occurring on the sun's surface. 7. The improvements of nautical, geographical, fiscal, physical, and medical instrum ents by verification, and of horological by w atch-rating. 
